MIL.-I-2781A
28 JANUARY 1953

SUPERSEDING
MIL _P-2781
4 SEPTEMBER 1951

MILITARY SPECIFICATION

INSULATION PIPE COVERING, THERMAL

This specification has been approved by the Jepart-
ments of the Army, the Navy, and the A+ - Force.

1. SCOPE

1.1 Scopé.—-This specification covers re-
quirements for thermal insulation used for
covering pipes.

1.2 Classification.—The thermal insula-
tion pipe covering shall ‘be of the following
grades and classes, as specified (see 6.1):

Grade I-——Temperatures up to 500° F.
Class a—Standard density.
Class b——Light density.
Grade I—Temperatures up to 750° F.-
Class ¢—Fibrous.
Class d—Compounded.
Grade III—Temperatures 501° to 1,000°
F.
Class e—Compounded.
Class f—Fibrous.

2. APPLICABLE SPECIFICATIONS,
STANDARDS, DRAWINGS, AND PUB-
LICATIONS

2.1 The following specifications and stand-
ards, of the issue in effect on date of invita-
tion for bids, form a part of this specifica-
tion:

SPECIFICATIONS

FEDERAL

NN-B-591 —Boxes, Fiberboard,
Wood-Cleated (for Domestic Ship-
ment).

202392—53—(936)

NN-B-601 —Boxes, Wood-Cleated-
Plywood, for Domestic Shipment.
NN-B-621 —Boxes, Wood, Nailed

and Lock-(orner,
QQ-S-781  —Strapping, Flat, Steel.
LLL-B-631 —Boxes, Fiber Corru-
gated (for Domestic Shipment).
LLI~-B-636 —Boxes, Fiber, Solid (for
Domestic Shipment).

MILITARY

JAN-P-105 —Packaging and Packing

' for Overseas Shipment — Boxes,
Wood, Cleated, Plywood.

JAN-P-106 —Packaging and Packing
for Ovwerseas Shipment—Boxes,
Wood, Nailed.

JAN-P—-108 —Packaging and Packing
for Overseas Shipment—DBoxes, Fiber-
board (V-Board and W-Board), Ex-
terior and Interior.

JAN-P-139 —Packaging and Packing
for Overseas Shipment—Plywood,
Container Grade.

MIL-L~10547 —Liners, Case, Water-
proof.

Navy DEPARTMENT

General Specifications for Inspection of
Material.

STANDARDS

MILITARY
MIL-STD-105—3ampling Procedures
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and Tables for Inspection by A;;-
tributes.

MIL-STD-129—Marking of Shipments.

(Copies of specifications, standards, and drawings
required by contractors in connection with specific
procurement functions should be obtained from the
procuring agency or as directed by the contracting
officer.)

3. REQUIREMENTS

3.1 Qualification.—The thermal-insulation
pipe covering furnished under this specifica-
tion shall be a product which has been tested
and has passed the qualification tests speci-
fied in section 4 (see 6.2).

3.2 Material.—The pipe covering shall be
composed of heat-resisting compounds suit-
able for the temperature conditions and the
purpose intended.

3.3 Composition.—The pipe covering shall
conform in all respects to the composition
obtained on the sample submitted for quali-
fication (see 4.7.2).

3.4 Stability.-——The pipe covering shall
pass the shock and vibration test specified
in 4.7.3.

3.5 Length.—Sections shall be 3 feet long,
split in half lengthwise. Curved segments
shall be 3 feet long and of suitable width to
properly fit the respective pipe sizes.

3.6 Tolerance.—A tolerance of minus zero
and plus 14, inch in length will be permitted.

2.7 The pipe covering shall conform to the
physical requirements shown in table L

3.8 Thickness.

3.8.1 Grade I—classes a and b, and grade
I1—class d.—TUnless otherwise specified in the
contract or order, the minimum thickness of
grade I, classes a and b, and grade II, class
d coverings for the various sizes of pipe shall
be as shown in table I1.

.3-8-1-1 Single standard.—Single standard
pipe coverings for sizes 4 inch and up to
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TABLE II.—Thickness.

. |
Nominal pipe Single | Double
sizes standard | St'andard
Inches (inches) ; (inches)
B
|
Up to 1%, inclusive__ T : 1%
2 to 3%, inclusive ... 1 ; 2
|
7 to 11, inclusive - 1% 2
12 and OVer ac—cew-- 1% 3

Note.—In addition to thickness specified, standard

thickness of 1% inches in single layer or 2 stand_brd
thickness of 3 inches in double layer may be specified
for nominal sizes up to 12 inches.

and including 10 inches shall be furnished in
sections. Pipe covering for sizes larger than
10 inches shall be furnished in segments or
sections.

3.8.1.2 Double standard.—Double standard
pipe covering may be furnished in two
layers to form total required thickness. Sec-
tions may be furnished for all sizes. Where
two layers are furnished, the inner layser
for sizes larger than 10 inches and the outer
layer for sizes larger than 8 inches may be
furnished in segments.

3.8.2 Grade II-—class ¢.—TUnless otherwise
specified in the contract or order, the mini-
mum thickness of grade II, class ¢ covering
for the various sizes of pipe shall be as
shown in table IIL.

TABLE I11.—Thickness.

Nominal pipe cizee stii:g;id | sg:::t‘:*lbal:d
(inches) (inches) | (inches)
114 and smaller ________. EA I 1%
2 to 6, inclusive meeecameee 1 P2
7 to 11, inclusive ceeeeaeod 1342 } 2%
12 and OVer —teccmaeceeme 1% 1 2%

Note.—In addition to thickness specified, standard
thickness of 114 inches in single layerora standard
thickness of 3 inches in double layer may be specified
for nominal sizes up to 12 inches.

s

w
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TABLE IV.—Thickness.

) Double layer
. . . Single
Nominal pipe sizes o
. layer Inner uter
(inches) ) layer layer 'Total
(inches) (inches) (inches) (inches)

Up to 1%, inclusive coccoemwmame| 116 —— —— _—
2, 2%, 3%, 4% ccu mmcomemmmm- — 1% 11%4¢ 3%se
3,45 6,17 - . —— 1% 2 3%
8 and over - —— 2 2 4

3.8.2.1 Single and double standard.—Single
and double standard pipe covering shall be
furnished in a single layer and in sections for
all pipe sizes.

3.8.3 Grade III—class e.—Unless otherwise
specified in the contract or order, the mini-
mum thickness of grade III, class e covering
for the various sizes of pipe shall be as
shown in table IV.

3.8.3.1 Single layer.—Single layer for pipe
sizes 114 inches and smaller shall be fur-
nished in sections.

3.8.3.2 Double layer.—The inner layer for
pipe sizes 2 to 8 inches, inclusive, and the
outer layer for pipe sizes 2 to 7 inches, in-
clusive, shall be furnished in sections. The
inner layer for pipe sizes larger than 8
inches and the outer layer for pipe sizes
larger than 7 inches shall be furnished in

either segments or sections. Double layer
covering may be furnished in a sing_le layf:r.
In this case, the two parts may be either in-
tegral or cemented together to form a sym-
metrical properly fitting unit. Segments
shall not be cemented.

3.8.4 Grade 111—class f—Unless otherv.vise
specified in the contract or order, thg thick-
ness of grade III, class f pipe covering for
the various sizes of pipe shall be as shown
in table V.

3.8.4.1 Single layer.—Single layer for pipe
gizes 11% inches and smaller shall be fur-

nished in sections.

3.8.4.2 Double layer.~The inner and the
outer layer shall be furnished in sections.
Double layer covering may be furnished in a
single layer. In this case the two parts may
be either integral or cemented together to

TABLE V.—Thickness.

Double layer
Single layer ‘ Tempersture Temperature
Nominal pipe sizes 751° to 751" to 850° F. 251° to 1,000° F.
1,000° F. Inner Outer Total Inner Outer Total
layer layer layer layer
Inches Inches Inches Inches Inches Inches | Inches ‘ Inches
Up to 1%, inclusive | 2 —— —— —— —— i — P =
- 2 to 3%, inclusive __ — 1% 1% 3 1% 1% I 3%
4 to 6, inclusive ___ - 1% 1% 3 2 R
7 to 11, inclusive ... — 1% 2 3% 2 2 .4
12 and larger oo | — 1% 2% 4 2 ! 2 3 4

4
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form a symmetrical, properly fitting unit.
Segments shall not be cemented.

3.9 Outer layer, grade III.—The outer
layer of grade III, double layer pipe shall
conform to grade I, class a or b, or grade IT,
class ¢ or d of this specification.

3.10 Sectional pipe covering, grade I,
classes a and b, grade II, class d, and grade
I, class e, up to and including 1%- inch
pipe size, shall be furnished with a cloth or
paper jacket covering the entire length.

3.11 Workmanship.—T he workmanship
shall be first class in every respect.

4. SAMPLING, INSPECTION AND TEST
PROCEDURES

4.1 Inspection procedures.—For naval pur-
chases, the general inspection procedures
shall be in accordance with General Specifi-
cations for Inspection of Material.

4.2 Qualification tests at a Government
laboratory.—Qualification tests shall be con-
ducted at a Covernment laboratory desig-
nated by the Bureau of Ships. These tests
shall consist of the tests specified in 4.7.

4.3 Sampling for lot acceptance.

4.3.1 Inspection lot.—All half sections or
segments of pipe covering of the same grade
and class presented at one time shall be con-
sidered a lot for purposes of acceptance in-
spection and tests.

4.3.2 Sampling for inspection.—A random
sample of half sections or segments shall be
selected in accordance with table VI from
each inspection lot of material offered for
Government inspection of visual, dimen-
sional. and density characteristics, with lot
acceptance based on sampling inspection re-
quirements in accordance with Standard
MIL-STD-105.

4.3.3 Sempling for lot acceptance teslis.—
A random sample of half sectioms or seg-
ments shall be selected from each inspection
lot in accordance with table VII, and sub-
jected to the hardness and modulus of rup-
ture tests specified in 4.7.6 and 4.7.8.
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TABLE V9—Sampling for wvisual, dimen-
sional, and density inspection AQL (approz.)
= 2.5 percent defective.

Number of Number |
half sections of half |[Acceptance Rejection
or segments | sections | number number
in inspection | or seg- (defec- (defec-
lot ments in tives) tives)
sample |
i
40 and under 5 ‘ 0 1
41 to 110 ___ T i 0 1
111 to 500 _._ 10 ‘: 0 1
01t01,300 .., 15 . 1 2
1,301 to 3,200 _. 25 i 1 2
3,201 and over. 35 ; 2 3

Nots~The Government inspector shall institute
tightened inspection in accordance with Standard
MIL-STD-105. Reduced inspection may be.instituted
by the Government inspector in accordance with
Standard MIL-STD-106.

4.3.4 Sampling for production check tests.
The Government inspector shall select two
half sections or segments from every 10
lots of material offered for delivery. The
samples shall be chosen so that over a period
of time, a representative selection of grades,
classes, and sizes will be sampled. Samples
so selected shall be forwarded to the En-
gineering Experiment Station, Amnnapolis,
Md., for the tests gpecified in 4.6. Each
sample shall be properly marked with the

TABLE VIL—Sampling for lot acceptance

tests.
Acceptance | Rejection
o
Number of l:;lm{xz;f number number
}::usesge;:r:: sections
in inspection or seg- (Number of items non-
lot ments 1R | .onforming on any lot
sample acceptance test)
40 or under. 2 0 1
41 to 110 - 3 0 1
111 to 500 .- 5 0 1
501 to 1,300 . 7 0 1
1,301 and over. 10 0 1
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contractor’s name, product name, grade, ..1d
contract or order number.

4.4 Inspection.

4.4.1 Visual and dimensional and density
inspection.—Each of the sample half sec-
tions or segments selected in accordance
with table VI shall be visually and dimen-
sionally inspected and the density deter-
mined (see 4.7.4) by the Government in:nec-
tor to verify compliance with this specifica-
tion. Any half section or segment in the
sample containing one or more visual, dimen-
sional, or demsity defects shall be rejected,
and if the number of defective half sections
or segments in any sample exceeds the ac-
ceptance number for that sample, the lot
represented by the sample shall be rejected.

4.5 Lot acceptance tests.

4.5.1 Testing of sample half sections or
segments for lot acceptance.—Two specimens

from each of the sample half sections or seg--

ments selected in accordance with table VII
shall be subjected to the hardness and modu-
lus of rupture tests in accordance with
4.7.6 and 4.7.8 to verify compliance with
this specification. Any sample specimen
which does not meet the requirements for
any of these characteristics shall cause re-
jection of the lot represented by the sample.

4.6 Production check tests.

4.6.1 Test procedure. — The samples se-
lected as specified in 4.3.4 shall be subjected
to those of the tests specified in 4.7 which,
in the opinion of the Government inspector
and the Engineering Experiment Station,
are necessary to establish equivalence with
the previously approved quality.

4.6.2 Action in case of failure.—Lot ac-
ceptance and rejection shall normally be on
the basis of the sampling, inspection, and
tests specified in 4.3.2, 4.3.3, 4.4, and 45
only, and acceptance will not be withheld
pending receipt of the test report on the
production check test samples. However,
upon receipt of an unsatisfactory test report
on any sample chosen for production check

test, the Government inspector shall thence-
forth select two sample half sections or seg-
ments from each lot of material of the same
grade and class as that of the sample which
failed the production check test. These
samples shall be forwarded to the Engineer-
ing Experiment Station as specified in 4.3.4,
for the test or tests wherein failure was ob-
served. Lots so sampled shall be accepted
only upon receipt of a satisfactory test re-
port from the Engineering Experiment Sta-
tion. This additional testing shall be dis-
continued and lot acceptance returned to the
normal basis of 4.3.3, 4.4, and 4.5, when four
successive lots have been accepted.

4.7 Test procedures.

4.7.1 Conditioning samples.—Test speci-
mens for inspection and for qualification
shall be dried to constant weight by heating
to 220° to 230° F. (105° to 110°C.) before
testing.

4.7.2 Composition.—The composition shall
be determined by chemical analysis, using
accepted laboratory methods.

4.7.3 Stability.—The ability of the pipe-
covering materials to withstand shock and
vibration shall be determined from sections
of the materials applied and secured between
two circular 9V-inch diameter metal disks
located 36 inches apart on a section of 3-
inch pipe. The pipe, with the material ap-
plied, shall be connected in a horizontal po-
sition in a vibration machine. In this posi-
tion the materials shall be subjected to 700
vibrations per minute through an arc of 15
minutes with a radius of 30 inches, for a
period of at least 96 hours.

4.7.4 Density.—Half sections shall be care-
fully measured and weighed, from which the
density shall be determined.

4.7.5 Conductivity.—For this test, the sam-
ple shall be a 3-foot sectional cover for a 3-
inch pipe. Conductivity shall be determined
on a pipe-test apparatus at several tempera-
tures up to 500°, 750° and 900° F., re-
spectively.

8 R ]
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4.7.6 Hardness.—Hardness shall be deter-
mined on the plastometer, a commercial in-
strument consisting mainly of two parallel
metal disks supported on uprights, to which
are fastened a thin rod with a lg-inch di-
ameter ball point, 2 measuring gage gradu-
ated in 1/100 mm. divisions, and a kilogram
weight. A specimen of the material to be
tested shall be placed under the instrument,
and the l4-inch ball point shall be brought
down on the surface of the specimen corre-
sponding to the outside as received, until
the index hand of the measuring gage makes
two complete revolutions. The kilogram
weight shall then be slowly released from its
supporting disk and allowed to rest on a
shoulder of the ball point holder, causing the
ball point to sink into the specimen. The
depth that the ball point is depressed into
the specimen shall then be read on the grad-
uated measured gage dial to 1/100 of a milli-
meter. )

4.7.7 Abrasion test. — The structural
strength shall be determined by the abrasion
test. In this test, twelve l-inch cube speci-
mens of the material and twenty-four 3/4-
inch oak cubes (specific gravity of the wood
0.65) shall be placed in an oak box having
inside dimensions of 714 by 734 by 734
inches. The opening of the box shall then
be closed and the box rotated about its own
axis at a speed of 60 revolutions per minute
for two 10-minute periods. At the end of
each 10-minute period, the cubes of the ma-
terial under test shall be removed from the
box and the percentage of loss in weight,
due to pulverization and breakage, shall be
determined.

4.7.8 Modulus of rupture.—The test for de-
termining the modulus of rupture of the ma-
terials shall consist of supporting speci-
mens of the materials on 10-inch centers and
suspending a load from a saddle centrally
located on the specimens with an increase of

load until the specimens are broken. The

specimens shall be 12 inches in length and
in quadrants from the inner and outer layers
of the pipe covering. The saddles and cen-
ters shall be constructed to conform to the

MIL-I-2781A

curvature of the specimens. Ten specimens
of each layer shall be used for the test. The
modulus of rupture shall be the average of
the results on all specimens. The following
equation shall be used in computing the
modulus of rupture:

025WD | - 28 (B*-m)
(R*—r2)
S = — —
. 0229 (B2
03214 (R*r)- —— s
where:

S = Modulus of rupture (pounds per
square inch).

W = Breaking load (pounds).

D = Distance between centers of supports
(inches).

R = Radius of outer periphery of pipe-
covering specimens (inches).

r = Radius of inner periphery of pipe-
covering specimens (inches).

4.7.9 Heating loss and shrinkage—Care-
fully sized specimens shall be placed in an
electrically heated oven. Specimens shall be
heated at 500°, 750°, and 1,000° F., respec-
tively, for grades I, I, and III for 6 hours.
After removal from the oven, the specimens
shall be examined to determine loss in
weight, linear shrinkage, and change in
hardness.

4.7.10 Moisture absorption. — Duplicate
specimens, each having a total area of 72
square inches, shall be subjected to an at-
mosphere of 90 percent, relative humidity
at 120° F., dry-bulb temperature, for 6 hours.
The increagse in weight shall be noted and
recorded as percentage increase in weight
and volume.

4.8 Rejected lots.—Rejected lots may be
offered again for Government inspection
provided the contractor has repaired or re-
moved all nonconforming half section or seg-
ments. The Government inspector shall
again select and examine samples from each
resubmitted lots to verify compliance with
this specification.
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5. PREPARATION FOR DELIVERY
5.1 Packing. :

5.1.1 For domestic shipment and storage.
—Unless otherwise specified in the contract
or order, the pipe covering shall be packed
in snug-fitting wood cleated fiberboard,
cleated plywood, nailed wood, corrugated, or
solid fiberboard boxes conforming to Speci-
fication NN-B-591, NN-B-601, NN-B-621,
LLL-B-631 or LLI-B-636, respectively.
Fiberboard boxes shall conform to the
special requirements of the applicable box
specification. Closure of the boxes shall con-
form to the applicable container specifica-
tion. Fiberboard when used shall have a
Mullen test of 275 pounds. The gross weight
of wood boxes shall not exceed 200 pounds
unless the weight of the individual item ex-
ceeds this amount. Fiberboard boxes shall
not exceed the weight limitations of the ap-
plicable box specification.

5.1.2 For oversea shipment.—When speci-
fied in the contract or order, the pipe cover-
ing shall be packed in snug-fitting wood
cleated plywood, nailed wood or fiberboard
boxes conforming to Specification JAN-P-
105, style 2, 214 or 3 of Specification JAN-
P-106, or symbol V3¢ or V3s of Specification
JAN-P-108, respectively. Plywood shall
conform to type A or B, condition I of Speci-
fication JAN-P-139. Boxes shall be fitted
with a sealed waterproof case liner conform-
ing to type I, grade B, class 2 of Specification
MIL~L~10547 and appendix thereto. Ship-
ping containers shall be closed and strapped
in accordance with the appendix of the ap-
plicable container specification. Flat steel
strapping shall conform to class A or B of
Specification QQ-S-781. The gross weight
of wood boxes shall not exceed 150 pounds
unless the weight of the individual item ex-
ceeds this amount, of fiberboard boxes, 70
pounds.

5.2 Marking.—In addition to any special
marking required by the contract or order,
interior packages and shipping containers
shall be marked in accordance with Standard

MIL-STD-128.
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6. NOTES

6.1 C.dering data ——Procurement
ments should specify the following:
(a) Title, number, and date of this
specification.
(b) Grade and class required (see 1.2).
(c) Whether domestic or oversea pack-
ing is required (see sec. 5).

6.2 In the procurement of products requir-
ing qualification, the right is reserved to re-
ject bius on products that have not been sub-
jected to the required tests and found satis-
factory for inclusion on the Military Quali-
fied Products List. The attention of sup-
pliers is called to this requirement, and
manufacturers are urged to communicate
with the Ruceau of Ships, Navy Depart-
ment. Washington 25, D. C., and arrange to
have the products that they propose to offer
to the Army, the Navy, or the Air Force,
tested for qualification in order that they
may be eligible to be awarded contracts or
orders for the products covered by this speci-
fication. Information pertaining to qualifica-
tion of products covered by this specifica-
tion may be obtained from the Chief of the
Bureau of Ships, Navy Department, Wash-
ington 25, D. C.

6.3 Superseding documents.—This speci-
fication supersedes MIL~P-2781. The latter
superseded Navy Specification 32P24.

docu-

Notice.—When Government drawings, specifica-
tions, or other data are used for any purpose other
than in connection with a definitely related Govern-
ment procurement operation, the United States Gov-
ernment thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated. furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or otherwise
as in any manner licensing the holder or any other
person or corporation, or conveying any rights or
vermission to manufacture, use or sell any patented
invention that may in any way be related thereto.

Custodians:
Army-—-Corps of Engineers
Navy—Bureau of Ships
Air Force

Other interest:
Army—0T
Navy—3Y.
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